This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND" WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



4t, 



(12) 



UK Patent Application „» G B „„2 168 630 A 



(43) Application published 8 May 1986 



(21) Application No 8525473 

(22) Date of filing 16 Oct 1985 
(30) Priority data 

(31) 3432471 (32) 27 Oct 1984 (33) DE 



(71) Applicant 

MTU Motoren- und Tuurbsnen-Uniors Munchen GmbH 
(FR Germany), 

8000 Munchen 50, Dachauer Strasse 665, Federal 
Republic of Germany 

(72) Inventor 
Wilfried Pesch 

(74) Agent and/or address for service 

Haseltine Lake & Co., Hazlitt House, 28 Southampton 
Buildings, Chancery Lane, London WC2A 1 AT 



(51) INTCL 4 
G01M 23/20 

(52) Domestic classification 
HSR CD 

U1S 2036 HSR 

(56) Documents cited 



GBA 


2107560 


G8 


1150243 


GSA 


2083215 


G3 


0936910 


G3 


1414572 


GB 


08IG153 


GB 


1372385 


US 


4412345 


GB 


1323SES 


US 


4063748 


G3 


1308948 


US 


373642S 


GB 


1277130 


US 


3716712 



(58) Field of search 
G1A 

Selected US speca?:ca*iofis from IPC sub-class G01N 



(54) Method and apparatus for 
inspecting a crystalline object 

(57) A gamma diffractometer for 
examining objects from the materials 
aspect, more particularly for inspecting 
monocrystai blades for turbornachines 
by Roentgen radiation, and evaluation 
of radiation reflections with regard to 
their half width and spacing comprises 
a radioactive source 1 surrounded by a 
lead shield 2. A collimator 4 directs 
gamma radiation onto a turbine blade 6 
rotating on a turntable 7. The intensity 
of diffracted radiation is picked-up by a 
stationary detector 8 and displayed on a 
screen 1 1 . 
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SPECIFICATION 

Method and apparatus for inspecting a crystalline 
object 

5 This invention relates to a method and apparatus 
for inspecting a crystalline object. 

In DE-OS 32 36 109 (corresponding to G.B. 2 107 
560 A) a method and an apparatus have been 
disclosed for determining the orientation of a 

1 0 crystal, wherein use is made of the Laue backscatter 
diagram of Roentgen or X-rays that are 
backscattered from the surface of the crystal. In this 
arrangement the X-ray and the detector centerline 
are oriented at an acute angle with respect to the 

1 5 surface. The detector output is processed using a 
computer to determine the angle of the main crystal 
axes. 

The use of the Laue backscatter diag ram of 
Roentgen rays is disadvantageous mainly because 

20 flaws in the interior of a crystalline object cannot be 
detected, as flaws are disclosed only in the surface 
zone (to some |jm deep). 

According t o one aspect of the invention there is 
provided a m ethocf oTmspecti ^ g a cry stall i ne object 

25 whereinjhe object is irradiated with radiation from a 
gamma source, the intensity of gamma radiation 
diffracted by the object is detected, and a peak in the 
intensity is employed in an evaluation of the object. 
According to another aspect of the invention there 

30 is provided an apparatus for use in inspecting a 
crystalline object, comprising a gamma source, a 
mount to receive an object to be irradiated by the 
gamma source, a detector to detect the intensity of 
radiation diffracted by the object, and an evaluation 

35 means coupled to the detector for use in evaluating 
a peak in said diffracted radiation as detected by the 
detector. 

An embodiment of the present invention may 
eliminate or reduce the disadvantages inherent on 
40 the known method for inspecting mono-crystal 
objects. 

The object may be inspected quantitatively as a 
whole, and the inspection may be entirely 
automated to preclude subjective influences. 

45 A preferred form of the invention may be suitable 
as a production line inspection method for 
automated quality control (final inspection). The 
inspection may be made quantitatively and not 
merely qualitatively (superficially). The object may . 

50 be totally penetrated by the radiation, and the_ 
Inspection may represent genu jne^yojume 
inspection. 

For a better understanding of the invention and to 
show how it may be put into effect reference will 
55 now be made, by way of example, to the 
accompanying drawings in which: 

Fig. 1 illustrates an inspection apparatus in the 
form of a gamma diffractometer according to the 
invention for performing the present method; 
60 Fig. 2 illustrates a first single crystal or 

monocrystal turbine blade inspected in accordance 
with the present method in three predetermined 
inspection planes; 

Fig. 2a illustrates the signals, including the 
65 reflection spacing, recorded as a result of inspecting 



the blade of Fig. 2 exhibiting a flawed crystal 
growth, whereby only the signals for the third plane 
are shown since the signals for the first and second 
inspection planes are similar to those of the third 
70 plane; 

Fig. 3 illustrates a second single crystal blade 
inspected in accordance with the present method in 
three predetermined inspection planes which differ 
from those in Fig. 2; 

75 Fig. 3a illustrates a sample of the signals recorded 
for each inspection plane as a result of inspecting 
the blade of Fig. 3 exhibiting a normal crystal 
growth; and 

Fig. 4 illustrates a typical inspection log of the 

80 inspection of a single crystal test sample by means 
of a gamma diffractometer as taught herein, and 
showing a so-called "Verkippung" (or, literally 
translated, tilting) similar to the illustration of Fig, 
2a, of the grain boundaries between two 

85 neighbouring grains in a test sample as shown in 
Fig. 2. 

Fig. 1 shows a gamma diffractometer according to 
the present invention in which a radioactive source 
1 is surrounded by a lead shield 2, for radiating 
90 gamma rays. A shutter or diaphragm 3 is arranged 
between an outlet of the lead shield 2 and a 
collimator 4. The opening and closing of the shutter 
3 is controlled by a conventional first shutter drive 4 
operatively connected, for example mechanically, to 
95 the shutter 3 as shown at 14". The first shutter drive 
14 is connected by its control input 14' to a central 
processing unit 9 in a housing 1 1 . 

The col limator 4 is an elongate tublar member 
h a vTn g a I e n g th of, for example 4 meters, for 

1 00 focussing the gamma rays. A second shutter or slot 
diaphragm 5 with a slot 5' is provided at the output 
end of the collimator 4. The slot 5' can be opened 
and closed in a predetermined timed sequence 
under the control of the central processing unit 9. 

1 05 This controls and operates the diaphragm 5 via a 
mechanical connection 1 5" to a slit shutter drive 1 5. 
The tatter is connected by a control input 1 5' to the 
central processing unit 9 for opening and closing the 
slot 5' in synchronism with the operation of the first 

110 shutter 3. In this manner the gamma rays pass 

periodically through the slot 5' onto and through a 
tesjjiample, such as a turbine blade 6 or 6'. 

The central processing unit 9 also operates a 
display device including a display screen 10 and a 

115 recorder 1 7. The control input 1 2 to the display 

screen 10 is connected to the central processing unit 
9, and so is the control input 17' to the recorder 17. 

These components 10 and 17 are of a 
conventional construction. For example, the screen 

1 20 10 can be a cathode ray tube and the recorder 17 can 
be a graph recorder or so-called plotter. 

The sample 6 is arranged on a turntable 7 rotating 
through an angle a. The angle of diffraction 9 is 
sensed by a stationary detector 8 JThe signals from 

1 25 the detector 8, especially the relative radiation 

intensity reading I, measured for example in counts, 
per sec. (S _1 L are processed and evaluated in the 
central processing unit 9. The central processing 
unit 9 controls a "turntable drive motor 16, for. 

130 example a stepping motor, operatively connected at 
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1 6" to the turntable 7 carrying the sample 6. A 
control input UTto the motor 16 is connected to the 
central processing unit 9, which drives the stepping 
motor 1 6 in synchronism with the two shutter drives 
5 1 4 and 1 5. The recorder 17 plot s the in tensity I as a ^ 
fun ction of the rotational angle a of the turntable 7 . 

Diffraction naturally occurs only in the pre sence of 
tilted gr^nj/,yej:kippiing' lclcl cryata LJ O^rTg^yo r3s f 
trie "results of the jnspecti^ the 
1 0 purity of the singlecrystal .sample, or the _ qualjjV of 
the single crystal ^ Two tffted grain 

boundaries 20 and 21 are indicated by dashed lines 
in the sample 6 of Fig. 2, representing a faulty crystal 
growth. The samples 6, 6' are placed on the 
1 5 turntable 7 in such different fixed positions that 
respective predetermined inspection planes a, b, 
and c will be irradiated by the beam of gamma rays. 
Inspection plane "a" in Fig. 2 is, for example, spaced 
2 mm from the left end of the sample 6, whereas in 
20 Fig. 3 it is spaced 13 mm from the left end of sample 
6'. Inspection plane "b" is spaced 54 mm in Fig. 2 
and 51 mm in Fig. 3 from the left end of the blade. 
Inspection plane "c" is spaced 66 mm in Fig. 2 and 
67 mm in Fig. 3 from the left hand end of the blade. 
25 Selection of the inspection plane will, for example, 
depend on the shape of the sample-and on the 
primary stress zones of the sample. 

InFig. 2, the half peak value W (i.e. the width of 
the pulse, aTonelYaif its amplitude, in minutes of 
30 arc) for an actually tested turbine blade for plane "a" 
was 27'and 24' at the first arid second grain 
boundaries .20 and , 21 respectively. In plane "b" 
these values were 26' in both instances, and in plane 
"c" these values were 34' and 30' as also shown in 
35 Fig. 4. The respective reflection spacings S were 
173' for plane "a", 1 86' for plane "b", and 200' for 
plane "c", also as shown in Fig. 4. Fig. 2a shows the 
reflection spacing S only once as a representative 
illustration. This spacing S is taken from peak to 
40 peak or from the leading edge of the first amplitude 
to the trailing edge of the second amplitude at the 
half peak value level, and indicates the magnitude of 
the tilting between two crystallites or grains*. The 
respective values W and S are measured in arc 
45 minutes plotted along the abscissa in Fig. 2a, 3a and 
4. 

Fig. 2a shows a fundamental curve for a case 
where there are two crystallites (grains ) situated in 
the sensed area, while Fig. 3a shows the single grain 

50 case (single grain boundary 22). The tilting is 
measured in minutes (') of arc. 

The rotation aof the turntable 7 is also measured 
in arc minutes whereby the "cutting" width Aa of 
the inspection planes "a", "b", "c" corresponds to 

55 1 ' as determined by the rotational speed of the 
turntable 7 and by the opening duration of the slot 
5'. Both the rotational speed or stepping speed of 
the turntable 7 and the opening duration are 
determined by the central processing unit 9 in 

60 accordance with the respective programming stored 
in the central processing unit 9. 

One or several samples can be inspected with the 
aid of a gamma diffracto meter in a matter of several 
minutes up to about one half hour. The half peaK 

65 width readings here are a meas 



the crystalli t es, and the reflection spacing S ina_ 
certajn crystal plane corresp onds to, or re p re serits r 
the tilting between two grain s, being the reflection 
spacing at the lattice planes of the monocrystal m 
70 grainsjn this manner, conclusions regarding the 
quality of the crystal growth may be made. Thus, 
one can inspect the grain structure of, for example, 
monocrystal turbine blades, and the method and ' 
apparatus disclosed herein can be employed at a 
75 station for the automated final inspection of objects 
on a production line. 

The embodiment of the present invention as here 
illustrated and described may be varied without 
departing from the basic teaching. More 
80 particularly, the inventive concept also embraces 
alternative measuring devices or inspectfon by 
passing gamma radiation through a test sample. 
Using other typ es of relative movement between 
the turntable and sample ".<5^v^.oneTiand antftlte 
85 detector on the other hand, than shown in Fig. 1 , 
may be used so iong as the spatial distribution of 
the radiation intensity (29-profile) can be 
determined. The planes in which the source of 
radiation and the detector are installed need not 
90 necessarily be the same, as long as a plurality of 
measurements allow the determination of one 
radiation projection based on radiation passing 
through the test sample. 

All individual components of Fig. 1 , including the 
95 radiation detector 8 and the central processing unit 
9, may, as respective individual units, be of 
conventional construction. 

Incidentally, 9 is Bragg's diffraction angle. If the 
radiation emitted by the source 1 has a wave length 
1 00 K the respective equation is as follows A=2d sin 9, 
wherein "d" is the spacing between two 
neighboring lattice planes. 

Although the invention has been described with 
reference to specific example embodiments, it will 
105 be appreciated that it is intended to cover all 

modifications and equivalents within the scope of 
the appended claims. 

CLAIMS 

110 1. A method of inspecting a crystalline object 

wherein the object is irradiated with radiation from a 
gamma source, the intensity of gamma radiation 
diffracted by the object is detected, and a peak in the 
intensity is employed in an evaluation of the object. 

115 2. A method according to claim 1 , wherein the 
object is a monocrystal object. 

3. A method according to claim 1 or 2, wherein the 
intensity of gamma radiation diffracted by the object 
is detected by a stationary detector. 

120 4. A method according to any preceding claim, 
wherein the half width of said peak is employed in 
the evaluation of the object. 

5. A method according to any preceding claim, 
wherein relative movement takes place between the 

1 25 object and the irradiating radiation, the intensity of 
the gamma radiation diffracted by the object being 
detected in dependence upon the relative 
alignments of the object and the irradiating 
radiation. 

130 6, Am thod according to claim 5, wherein the 
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object rotates on a turntable. 

7. A method according to any preceding claim, 
wherein in the presence of a plurality of crystallites 
or grains in the object, a plurality of intensity peaks 

5 are detected and the spacing thereof is evaluated to 
indicate the reflection spacing at the lattice planes of 
the monocrystal grains. 

8. Method for inspecting monocrystal onbjects by 
radioactive irradiation, characterised in that the 

10 objects are roentgened with radiation from a 
gamma source, that the intensity profile of a 
diffracted reflection is picked up by a stationary 
detector and in that the half width of the reflection is 
measured . 

15 9. An apparatus for use in inspecting a crystalline 
object, comprising a gamma source, a mount to 
receive an object to be irradiated by the gamma 
source, a detector to detect the intensity of radiation 
diffracted by the object, and an evaluation means 

20 coupled to the detector for use in evaluating a peak 
in said diffracted radiation as detected by the 
detector. 

10. An apparatus according to claim 9, wherein 
the gamma source is within a shield is followed by a 

25 collimator. 

1 1 . An apparatus according to claim 9 or 1 0, and 
comprising means for effecting the periodic 
emergence of a focussed beam onto the object. 

1 2. An apparatus according to any of claims 9 to 
30 11, wherein said detector is stationary. 

13. An apparatus according to any of claims 9 to 
12, wherein said mount comprises a turntable. 

1 4. An apparatus according to claim 1 3, wherein 



the detector is provided with means for recording 
35 the detected radiation intensity as a function of the 
rotational angle of the object with the turntable. 

15. An apparatus according to claim 10, or any of 
claims 11 to 14 when appended to claim 10, wherein 
the collimator is of tubular construction and has at 

40 its source end a shutter or diaphragm, and at its 
other end a shutter or slotted diaphragm. 

16. Apparatus for implementing the method of 
claim 8, characterised in that as a diffractometer, it 
contains a radioactive gamma source within a shield 

45 followed by a collimator, with means for the 

temporary emergence of a focussed beam onto the 
object under inspection,_said object being arranged 
on a rotary table associated with a stationary 
radiation detector and a control and/or evaluation 

50 device. 

17. A method for inspecting a crystalline object, 
substantially as hereinbefore described with 
reference to Figures 1 to 4 of the accompanying 
drawings. 

55 1 8. An apparatus for use in inspecting a crystalline 
object, substantially as hereinbefore described with 
reference to Figure 1 of the accompanying 
drawings. 

19. A method or an apparatus according to any 
60 preceding claim, when employed for inspecting the 

grain structure of monocrystal turbine blades. 

20. A method or an apparatus according to any 
preceding claim, when employed at a station for the 
automated final inspection of objects on a 

65 production line. 
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